This study empirically examines the nexus among budget deficit, money supply and inflation by using a monthly data set from January 1995 to December 2012 and a SVAR model with five endogenous variables, inflation, money growth, budget deficit growth, real GDP growth and interest rate. Since real GDP and budget deficit are unavailable on the monthly basis, we interpolate those series using Chow and Lin's (1971) annualized approach from their annual series. Overall, we found that money growth has positive effects on inflation while budget deficit growth has no impact on money growth and therefore inflation. In addition, budget deficit is autonomous from shocks to other variables. The estimation results also reveal that the State Bank of Vietnam implemented tightening monetary policy in response to positive shocks to inflation by reducing money growth but the response was relatively slow because it took three months for the monetary authority to fully react to such shocks. Finally, interest rate was not an effective instrument for fighting inflation but it was significantly and positively influenced by inflation.
Introduction
Price stability is the primary goal of monetary policy for almost all central banks in the world today. Thus, identifying causes of inflation is usually a crucial issue and draws a lot of interest of policymakers as well as monetary authorities. By definition, inflation is defined as a rapid and continuing rise in price level, and is always originated from a high growth rate of money supply. Theoretically, budget deficit could be a source of inflation, and its impact on inflation depends on how long it lasts, and how it is financed. On the one hand, if the government only suffers from a temporary budget deficit, it could only lead to a temporary increase in the price level, but not inflation no matter how it is funded. On the other hand, if budget deficits are permanent and are financed by money creation, then inflation occurs (Mishkin, 2004) . However, if budget deficits are addressed by issuing government bonds that are bought by non-bank entities and they hold those bonds until their maturity, then budget deficits do not cause money supply to increase and therefore do not lead to inflationary pressure. Furthermore, issuing bonds implies that the demand for loanable funds increases, thereby causing market interest rates to grow. This effect then contributes to reducing inflation. Yet, if non-bank holders of bonds do not hold them until their maturity and banks (including the central bank) repurchase those government bonds, money supply rises and there will be inflationary pressure.
Statistical data from the Ministry of Finance of Vietnam shows that Vietnam has persistently faced budget deficits since the beginning of the 1990s. Particularly, the ratio of budget deficits to GDP was quite high in 1990, which was about 7 percent, but was decreasing until the early 2000s. Since the start of the 2000s, the budget to GDP ratio has been going up, and its average in this period, which is roughly 5 percent, is relatively higher than that in the 1990s, which stayed at about 3 percent. One of the underlying reasons why budget deficits have increased in recent years is that the Vietnamese government wanted to boost the economy by raising expenditures. It is notable that such an increase in the budget deficits to GDP ratio in recent years has been in line with a significant growth in inflation. In particular, inflation since 2004 has always been above 7 percent per annum, which is higher than the average for the eight preceding years. Remarkably, inflation in 2008 hit its record, approximately 23 percent per year, which has been the highest level since the last decade. In addition, the year 2011 also struck the monetary authorities by an unpredictable level of inflation, 18.58 percent per annum. Furthermore, carefully looking at the dynamics of money supply, it can be seen that money supply has continuously increased since the early 1990s. On average, the growth rate of money supply has been approximately 32 percent since 1990.
One may question the linkage among these three variables, budget deficits, money supply, and inflation. Thus, unanswered questions about such relation are posed. What are the impacts of budget deficit on money supply? How do inflation and money supply interact with each other? What is the effect of budget deficit on inflation?
There have been a considerable number of studies on the link between budget deficits and inflation since the 1980s in developed countries and especially since the early 1900s in developing countries and emerging economies, when many of them implemented expansionary fiscal policy to speed up their economic growth (Barnhart, W.S., and Darrat, F.A., 1988; Bradley, D.M., 1984; Burdekin, C.K.R., and Wohar, E.M., 1990; Haan, J.D., and Zelhorst, D., 1990; Kia, A., 2006; Jeitziner, B., 1999) . These studies, however, produced mixed results across countries and across periods of time, and have mainly concentrated on South American countries, Middle Eastern countries, Asian countries, and African countries. It is striking that very few studies on the impact of budget deficits on inflation have been conducted for Vietnam despite the fact that Vietnam has permanently experienced a high level of budget deficits as well as high inflation compared with other neighboring countries in the region. There have been several qualitative research papers (Le, L., 2008; Tran, G., 2008) , which simply observed the movements of budget deficits, money supply and inflation, and then drew a conclusion that budget deficit has been a source of inflation in Vietnam. The limitation of these studies is that they simply used graphical simulation and statistical descriptions to infer the relationship between budget deficits and inflation, and did not undertake empirical tests to confirm the conclusion. One quantitative study (Nguyen, H. and Nguyen, T., 2011) , which included budget deficits in their models as an explanatory variable to identify the causes of inflation, shows that the effect of budget deficits on inflation Vietnam is statistically insignificant. However, that study mainly focused on the production side to discover the origins of inflation and the impulse response analysis might not be robust because the study used a vector error correction model (VECM), in which impulse response functions have a problem with the standard error.
This study, therefore, will try to address this gap with a careful analysis of the causal relationship among budget deficit, money supply and inflation for the period January 1995 to December 2012 by applying a structural vector auto-regressive (SVAR) model. Thus, this study will contribute to the literature in the following aspects. First, the study carefully investigates the impacts of government budget deficits on money supply, and thus creates a solid foundation for tracing the impacts of fiscal deficits on inflation in Vietnam. Second, the SVAR model is estimated with a relatively large number of observations thanks to the interpolation method developed by Chow and Lin (1971) . Third, the study captures the inflationary event in 2011 in the context of a high level of budget deficits in previous years, which has not showed up in other studies so far.
The remaining parts of this paper are structured as follows. The literature review summarizes empirical studies on the determinants of inflation and on the nexus among budget deficit, money supply and inflation. The next section examines key issues of monetary and fiscal policies in Vietnam over the past years. The following part is dedicated to selecting variables and describing the data set used to estimate the model. Sections 5 and 6 present the model specification and the identification strategy to estimate the model. Subsequently, the study analyzes the estimation results of impulse response functions and variance decomposition. Finally, robustness checks are conducted by varying identification restrictions and the paper ends with concluding remarks.
Literature Review
Inflation has been studied extensively in the literature from theoretical discussions to empirical research. There have been two major issues that those studies concentrate on. One group has tried to analyze the impact of inflation on the economy and social welfare whereas the other has mainly discussed the determinants of inflation. This section will pay attention to reviewing the literature on the origin of inflation and especially on the linkage among budget deficit, money supply and inflation.
A discussion of the origins of inflation would be incomplete without a review of the Keynesian school and the monetarist school. According to Mishkin (2004) , the monetarist analysis argues that the money supply is viewed as a sole source of shifts in aggregate demand, leading to a continuous increase in the price level. Thus, monetarist analysis shows that high inflation must be driven by high money supply growth. Similarly, Keynesian analysis indicates that continuingly increasing money supply will have the same effect on the aggregate demand, implying that high inflation is originated from high money growth rate. Furthermore, the Keynesian analysis convincingly points out that the supply-side shocks by themselves cannot produce inflation. The impact of fiscal policy on inflation is also investigated in the Keynesian school. Accordingly, the fiscal deficits cannot itself cause inflation without monetary accommodation. Yet, permanent budget deficits could generate inflation if they are supported by an expansionary monetary policy. Thus, empirical studies on the linkage among budget deficits, money supply and inflation will be reviewed subsequently.
An empirical study by Allen and Smith (1983) tried to examine whether there was a relation between the US Treasury borrowings and monetary growth before the 1980s. The study used a quarterly data set and produced evidence of a positive and significant impact of total Treasury borrowing on the growth of the monetary base for the 1954Q1-1961QI and 196lQIII-1974QIV periods. Another study by Bradley (1984) for the U.S also found that persistent federal deficits led to money supply growth through an increase in reserves growth.
In an empirical study for Albania, Bulgaria, and Romania, Milo (2012) found a positive relationship between monetary financing of government deficits and money base growth; public finance imbalances are the main cause of money creation and inflation in these countries. Budget deficits are now financed through not only the purchase of government bonds or direct loans to state by the central banks, but also the purchase of government bonds or direct loans to state by the second level banks. The impact of budget deficits funding by the second level banks depends on whether the public debt securities enlarge banks' portfolio or substitute other assets in this portfolio, including loans to the economy. Jeitziner (1999) examined the relationship between fiscal deficits and growth rate of the monetary base and the money supply M1 in Switzerland by using quarterly data from 1973Q2 to 1994Q1. The author found that the money supply M1 did not move together with budget deficits in the period. However, regressing the monetary base on budget deficits in the period from 1973Q2 to 1979Q4 showed that budget deficits led to a faster growth rate of the monetary base. In a study that investigated the relationship between government budget deficits and money growth in developing countries, Haan and Zelhorst (1990) found a mixed result. In the majority of countries in the sample, there was no clear relationship between budget deficits and money growth. Yet, government budget deficits tend to affect money growth in high-inflation years. Barnhart and Darrat (1988) investigated the causal linkage between budget deficits and money growth in seven major countries in the Organization for Economic Co-operation and Development (OECD) using multivariate Granger-causality tests combined with Akaike's AIC criterion and Zellner's iterative seemingly unrelated regressions. Their result showed that the monetary policy and fiscal policy were conducted independently in OECD countries where budget deficits had little or no impact on money growth. Similarly, Ashra, Chattopadhyay, and Chaudhuri (2004) conducted an empirical study for India and concluded that there was no systematic relationship between budget deficits and money growth. Burdekin and Wohar (1990) examined the relationship between budget deficits and money growth in eight countries including Canada, France, Italy, Japan, Switzerland, United Kingdom, United States and West Germany in the period 1960Q1-1985Q4 and concluded that countries whose central banks are independent from the governments exhibit a poor linkage between fiscal deficits and the evolution of money supply. In contrast, budget deficits tend to be related with money growth in countries with low degree-of-independence central banks. They argue that less independent central banks were sometimes under pressure to finance government budget deficits whereas independent central banks were more toward price stability goal and less toward accommodation of government budget deficits. This finding is fairly interesting since it suggests that the independence of central banks determines the effect of budget deficits on money growth.
Regarding the link between money supply and inflation, Akinboade, Siebrits and Niedermeier (2004) studied the case of South Africa and found that broad money supply has a positive correlation with inflation. Another study by El-Shagi and Giensen (2013) found that in the US, there has been a significance impact of money growth on prices. They investigated the consequences of the Federal Reserves' response to the financial crisis. Their result indicated that inflation rate in the U.S has increased by above 5 percent for more than a decade due to the expansionary monetary policy implemented by the Fed. Similarly, Nina, Wojciech, Georges and Geomina (2006) found that inflation in Romania in the period 1992-2000 was caused by high money growth rate. Lin and Chu (2013) employed the dynamic panel quantile regression (DPQR) model under the autoregressive distributional lag (ARDL) specification, and investigated the causality between budget deficits and inflation in 91 countries between 1960 and 2006. The empirical results show that the fiscal deficit had a strong impact on inflation in high-inflation periods, and had a weak impact in low-inflation episodes. Kia (2006) examined the determinants of inflation in Iran and found that the fiscal policy was quite effective to combat inflation, implying that that higher budget deficits cause inflation and vice versa; reducing budget deficits will contribute to fighting inflation. Another study by Ahmad and Sajad (2011) also for Iran found that there was not only the causation from budget deficits to inflation but also a direction from the price level to budget deficits. Likewise, Chimobi and Igwe (2010) shows a bi-directional relationship between inflation and budget deficits in Nigeria. Ekanayake (2012) applied an autoregressive distributed lag (ARDL) model, using annual data from 1959 to 2008 to examine the relationship between budget deficits and inflation in Sri Lanka. This study did not use the ratio of budget deficits to GDP as in others; instead, the ratio of budget deficits to narrow money supply was used. The result suggests that, in the long run, a one percentage point increase in the ratio of the fiscal deficits to narrow money was associated with about an 11 percentage point increase in inflation. Nevertheless, this effect became less significant without the public sector wage expenditure. Generally, the impact of fiscal deficits on inflation in Sri Lanka was not only through the monetary channel but also through the expenditure on public sector wage. Catao and Terrones (2005) used a model that treats inflation as non-linearly related to fiscal deficits through the inflation tax base and estimates this relationship as intrinsically dynamic, using panel techniques that explicitly distinguish between shortrun and long-run effects of fiscal deficits. They acquired data from 107 countries over the period 1960-2001 provided empirical results that show a strong positive relation between fiscal deficits and inflation among high-inflation and developing countries, but not among low-inflation advanced economies. Le (2008) and Tran (2008) are two major qualitative studies that analyzed the correlation between budget deficits and inflation in Vietnam. By using statistical descriptions, they indicate that fiscal deficits were a source of inflation in Vietnam. They argue that the fiscal policy in Vietnam was continuously expansionary, leading to, on average, a 5 percent ratio of budget deficits to GDP. They add evidence that the Vietnamese government has issued a large amount of long-term government bonds to raise money to invest in large-scale projects. This expansionary fiscal policy led to a rise in money growth because the majority of undue government bonds were repurchased by the State Bank of Vietnam or commercial banks.
In contrast, Nguyen and Nguyen (2010) performed an empirical study to examine the determinants of inflation in Vietnam from 2000 to 2010 using an interpolated monthly data set. They conducted the cointegration test to analyze the long-run impact of budget deficits on inflation. In addition, they employed the vector error correction model to analyze the short-run dynamics and movements to the long-run equilibrium. Their results show that there is no effect of budget deficits on inflation in the short run, and the impact is also unclear in the long run.
To sum up, the literature review on the relationship among budget deficits, money supply and inflation reveals the following key points. First, the effect of fiscal deficits on money growth is mixed across countries and across periods of time. Budget deficits are likely to be supported through money creation if the degree of independence of central banks is low whereas they are unlikely to cause money supply to rise if the monetary policy is independent. Second, recent studies show that the link between money growth and inflation is quite clear, confirming that inflation is always a monetary phenomenon. Third, budget deficits are highly correlated with inflation in high-inflation developing countries, and the link between them becomes weaker in advanced countries. Fourth, qualitative studies in Vietnam indicate that the fiscal deficit is a source of inflation in Vietnam while the quantitative study shows that there is no impact of budget deficits on inflation in the short run, and that the effect is unclear in the long run.
Thus, this study will try to address the contradiction between findings on the linkage between budget deficits and inflation in Vietnam by investigating the nexus among budget deficits, money supply and inflation.
Fiscal and monetary policy in Vietnam
This section will briefly examine the structure of fiscal policy and monetary policy by analyzing the Budget Act and the Law on the State Bank of Vietnam enacted by the National Assembly of Vietnam. The purpose of this section is to comprehend how fiscal and monetary policy in Vietnam works so as to formulate a sound identification strategy for the estimation exercise.
According to the Law on the State Bank of Vietnam introduced in 1997, the monetary policy was responsible for controlling inflation and stimulating economic growth. The fact is that the monetary policy of the State Bank of Vietnam had prioritized economic growth for many years. For example, from 2005 to 2008, the State Bank of Vietnam pursued a policy, which prioritized GDP growth provided that the inflation rate is lower than the economic growth rate. It can also be inferred from the Law that the State Bank of Vietnam was highly dependent on the government in terms of setting goals and choosing instruments, implying that the likelihood of financing budget deficit through money creation was quite high. In 2010, the National Assembly of Vietnam introduced the amended version of the Law on the State Bank of Vietnam, in which the monetary policy is responsible for the goal of price stability only. In addition, the amended law stipulates that choosing the instruments to achieve goals is at the discretion of the Governor of the State Bank and the Prime Minister, meaning that the State Bank of Vietnam has obtained a certain level of independence in terms of using the instruments.
There are several essential things in the framework of the fiscal policy. First, both of the 1996 and 2002 versions of the Budget Act state that the primary objective of the government expenditures has been the development of the country as a whole, especially the economic development. Second, the government budget deficit is financed by borrowing domestically (issuing domestic bonds) and borrowing from foreign institutions or foreign governments (issuing international bonds). Furthermore, the borrowing is not allowed to be spent on consumption but is spent for the development purpose only. Last, determining the maximum level of budget deficit and deciding how budget deficits are funded are at the discretion of the National Assembly of Vietnam, implying that there exists the legislative lag in the process of financing budget deficit.
Choice of variables and data descriptions
In order to choose appropriate variables, one may use the long run government budget constraint:
where B t-1 is the nominal value of the government bonds issued in period (t-1) with the maturity in period t. P is the price level.
i is the short-term interest rate. T refers to tax revenues. G refers to government expenditures. M refers to money supply.
Relation (1.1) can be rewritten as
where D t is budget deficit in period t and is defined as . Note that G t+j (j=1,…,∞) here is defined as the total government expenditures including payment for bonds which are issued in the previous periods and have maturity in period (t+j). Hence, (G t+j -T t+j ) is regarded as budget deficit in period (t+j). This definition of budget deficit is consistent with the data provided by the Vietnam Ministry of Finance.
Equation (1.2) shows the nexus among budget deficit, money supply, price level and interest rates. Thus, those variables will be selected to estimate the SVAR model. Moreover, real gross domestic product (GDP) would be added to the model to capture the income effects on inflation. Another reason for the inclusion of real GDP in the model is that real GDP is an important goal for which monetary and fiscal policies are designed.
An effort was made to acquire a monthly data set of the five endogenous variables from January 1995 to December 2012 including 216 observations, but budget deficit and real GDP are unavailable on the monthly basis. Therefore, in order to obtain a full monthly data set, Chow and Lin's (1971) annualized approach is employed to interpolate budget deficit and real GDP from their annual series to monthly series. Once having monthly data of budget deficit and real GDP, all variables (except interest rate) are expressed in the form of annualized growth rate. Accordingly, the SVAR model will be estimated using five endogenous variables, inflation, growth rate of money supply (M1), growth rate of budget deficit, real GDP growth rate, and nominal interest rate.
The data set used to estimate the SVAR model is acquired from two various sources 1 . Data of consumer price index, real GDP, interest rate and money supply is obtained from the International Financial Statistics (IFS), and data of budget deficit is generated from the Ministry of Finance of Vietnam. The definitions of variables used in the model and their data sources are summarized in Table 1 , Appendix.
<Insert Table 1 around here>
Model specification
The SVAR model is represented in the following form:
where Y t ={infl, g_y, d_pc, m1_pc, i}' is a 5x1 vector of five endogenous variables; B is a 5x5 matrix of contemporaneous impacts; B 0 is a 5x1 vector of intercept terms; B 1 , …, B p are 5x5 matrices of coefficients; and u t is a 5x1 vector of structural innovations, which are uncorrelated and E(u t u t ')=I. =Σ. By imposing restrictions on the matrix C, the model is identified.
Identification strategy
First of all, because prices are more sluggish than other endogenous variables, inflation is assumed to have contemporaneous impacts on the remaining variables. In addition, real GDP growth is assumed to be contemporaneously influenced by inflation but has contemporaneous effects on the remaining variables. As discussed earlier, there are two possible channels to finance budget deficit. If budget deficit is financed by issuing government bonds, then demand for loanable fund will increase, leading to a rise in interest rates. The working of this mechanism basically depends on market forces. If budget deficit is funded by printing money, it is reasonable to assume that there is the so-called legislative lag to do so. Hence, budget deficit is assumed to have no contemporaneous impacts on interest rate and money supply. Finally, nominal interest rate is assumed to be contemporaneously affected by other endogenous variables except budget deficit. Specifically, an increase in inflation will cause nominal interest rate to go up because of the Fisher effect. The growth in real GDP (real income) leads to an increase in the money demand, which in turn leads to a rise in interest rates. Finally, changes in money supply will clearly affect interest rate by changing the equilibrium interest rate in the money market. These restrictions can be represented in terms of reduced-form residuals and structural innovations as follow.
Estimation results 2 and discussions

Results of the unit root tests and the optimal lag
This study basically employs the Augmented Dickey-Fuller (ADF) test to examine whether the time series have a unit root. The null hypothesis is that the series has a unit root. In this study, 5 percent is chosen to be the significance level. Thus, if the p-value reported by the ADF test is lower than 0.05, the series is said to have no unit root; otherwise, it has a unit root. Accordingly, the ADF test 3 shows that all of the series have no unit root at 5 percent significance level since all the p-values reported are lower than 0.05. This implies that the VAR model using these time series is stable. There are several criteria for choosing the optimal number of lags such as LR, FPE, AIC, BIC, and HQ. However, in this study, we mainly use the BIC together with the result of the test for autocorrelation among the residuals and the roots of characteristic polynomial to determine the optimal number of lags. The result shows that the BIC and HQ select one lag as the optimal lag while AIC, FPE and LR choose longer lags (see Table 3 , Appendix). In order to double check the optimal lag and stability of the model, we test for autocorrelation among the residuals, and examine the roots of characteristic polynomial. The autocorrelation LM test shows that there is no autocorrelation among residuals in the model estimated with 4 lags (see Table 4 , Appendix). In addition, all the roots of characteristic polynomial are smaller than 1, meaning that the model satisfies the stability condition (see Table 5 , Appendix). Therefore, the optimal number of lags is 4. In the following sections, the impulse responses of endogenous variables will be discussed using the identification restrictions.
<Insert Table 3 around here> <Insert Table 4 around here>   <Insert Table 5 around here> Figure 1 shows responses of inflation to a positive shock to the growth rate of money supply. Accordingly, an increase in the growth rate of money supply accelerates inflation. Specifically, inflation is accelerated for 3 months due to the rise in the growth rate of money supply. More importantly, the effect of money growth on inflation becomes strongest in the second month since the occurrence of the shock, implying that the transmission mechanism of the credit channel into inflation works quite quickly. The effects of money growth on inflation disappear since the third month. These findings might lead to several policy implications. For instance, if the State Bank of Vietnam targets to reduce inflation rate most significantly in current period, then it should lower money growth 2 months before. In addition, in high inflation periods, it might be necessary to decrease money growth consecutively several times because each money growth shock only takes effect for 3 months.
Impulse responses of inflation
<Insert Figure 1 around here> Figure 2 indicates that a positive shock to growth rate of budget deficit has no effect on inflation. Thus, provided that fiscal policy works effectively 4 , the fragile relationship between budget deficit and inflation suggests that fiscal policy might be prioritized to stimulate economic growth in the short run without concern about inflation pressure because monetary policy could stimulate aggregate demand and therefore output, but could also intensify inflation pressure as discussed earlier.
<Insert Figure 2 around here> A positive shock to real GDP (real income) growth is expected to increase aggregate demand and hence inflation by boosting consumption. Figure 3 shows that a positive shock to real GDP growth causes inflation to go up for three months and the shock fuels inflation most significantly in the third month. A positive shock to interest rate is usually expected to hinder inflation because higher interest rate reduces investment and consumption and therefore reduces aggregate demand. However, the estimation result shows that positive shocks to interest rate have no impact on inflation (Figure 4 ). This finding suggests that interest rate is not an effective instrument for the State Bank of Vietnam to fight inflation. The impulse response functions of inflation show that inflation increases considerably due to its own shock ( Figure 5 ). Specifically, an 11 percent increase in inflation rate in the current month will contribute approximately 8 percent to inflation rate in the next month. The effects of the shock wear off since then and vanish since the sixth month. The responses of inflation to its own shock indicate an essential characteristic of inflation in Vietnam: Inflation is retentively memorized and highly expected. This typical characteristic of inflation requires a detailed plan of the State Bank of Vietnam to fight inflation, meaning that it should commit to attaining and sustaining a proper target level of inflation rate. By doing so, the State Bank of Vietnam could be able to gain credibility from the economy in coping with inflation. This in turn facilitates the implementation of monetary policy to combat inflation.
<Insert Figure 5 around here> 
Impulse responses of money growth
In high inflation periods, a rise in inflation rate is usually expected to have a negative impact on money growth because central banks lower money growth to combat inflation. Figure 6 reveals that money growth decreases in response to a positive shock to inflation. Specifically, an 11 percent increase in inflation rate will lead to an 8.8 percent decrease in the growth rate of money supply in the third month. Money growth falls until the sixth month and stops decreasing since the following month. The growth rate of money supply declines most significantly in the third month since the occurrence of the shock, implying that the State Bank of Vietnam fully recognizes and strongly responds to inflation shocks in the third month. This also implies that monetary policy is relatively slow in responding to inflation shocks because it takes three months for monetary authorities to fully respond to such shocks.
<Insert Figure 6 around here> In addition to price stability, economic growth is another important goal that the State Bank of Vietnam pursues. The impulse response function of money growth reveals that the monetary authority quickly responds to a positive shock to real GDP growth by increasing money growth to further stimulate economic growth (see Figure 7 , Appendix). However, the monetary authority only increases money growth one time in the first month and does not take further action. The reason for this might be to avoid an unexpected inflation shock in the future.
<Insert Figure 7 around here> Figure 8 indicates that a positive shock to budget deficit growth has no effect on money growth, implying that budget deficit has been unlikely to be financed by money creation. This finding is consistent with the analysis of impulse responses of inflation to budget deficit growth because a fragile relationship between money growth and budget deficit growth is expected to result in a poor relationship between budget deficit growth and inflation 5 .
<Insert Figure 8 around here> 5 Note that we found a firm relation between money growth and inflation earlier.
A positive shock to interest rate reduces money growth for three months (see Figure 9 , Appendix). The fact is that interest rates in Vietnam in the last years increased mainly because of high inflation rate. Consequently, a decrease in money growth in response to an increase in interest rate refers to an effort of the State Bank of Vietnam to cope with inflation. Figure 10 shows impulse responses of money growth to its own shock. Accordingly, a 52.2 percent increase in the growth rate of money supply is followed by a 38.4 percent rise in the next month. This could be reasonably inferred that the State Bank of Vietnam usually adjusts money growth for two consecutive months to achieve its goals.
<Insert Figure 9 around here> < Insert Figure 10 around here> 
Impulse responses of budget deficit
Borrowers would gain and lenders would lose if inflation occurred because an unexpected increase in inflation lowers the real value of money. Thus, a positive shock to inflation is expected to increase budget deficits 6 because the government is the borrower when issuing bonds. Similarly, a positive shock to money growth is also expected to accelerate budget deficit due to the reduction of interest rate, the cost of borrowing. Figure 11 shows impulse responses of budget deficit growth to positive shocks to inflation, money growth and interest rate. Accordingly, shocks to inflation, money growth and interest rate have no impact on budget deficit growth. There is a fact that the Vietnamese government has targeted high economic growth as a primary goal for many years. Hence, the fiscal policy must have served as a key instrument of the government to boost the economy. This could be a reason explaining why budget deficit growth is unlikely to be affected by market forces such as inflation, money growth and interest rate. Figure 11 around here> Impulse response functions of budget deficit growth shows that a positive shock to real GDP growth has no significant effect on budget deficit growth (Figure 12 ). On the one hand, the government increases expenditures to boost economic growth by stimulating aggregate demand. On the other hand, higher economic growth would contribute more tax revenues to the government budget. This explains why budget deficit growth does not respond to a positive shock to economic growth. Figure 12 around here> 
< Insert
Impulse responses of real GDP growth
Theoretically, nominal variables have no impact on real GDP growth in the long run; it is technology progress that determines real output growth in the long run. For example, money growth does not affect real output growth but its effect is translated into inflation in the long term, which is the so-called neutrality of money. As can be seen from Figure 13 , positive shocks to inflation, budget deficit growth and money growth have no significant effect on real GDP growth. In contrast, a positive shock to interest rate reduces real GDP growth in the second month since the occurrence of the shock (Figure 14) . This is because an increase in interest rate has negative impacts on investment and consumption and therefore aggregate demand. < Insert Figure 13 around here> < Insert Figure 14 around here> Figure 15 represents the impulse response of interest rate to a positive inflation shock. As expected, an increase in inflation causes interest rate to rise according to Fisher effect. More importantly, the effect of the shock to inflation on interest rate is quite persistent because it lasts for 19 months. This finding adequately explains movements of interest rates in Vietnam in the past years. It also carries a policy implication: so as to stabilize interest rates, inflation must be kept under control.
Impulse responses of interest rate
< Insert Figure 15 around here>
In theory, a rise in real income will boost money demand, which in turn leads to an increase in interest rate. As shown in Figure 16 , a positive shock to real GDP growth basically has positive impacts on interest rate from the eighth month to the thirteenth month. This result implies that interest rate reacts to a shock to real income slowly and persistently. In contrast to shocks to inflation and real GDP growth, shocks to money growth and budget deficit growth have no impact on interest rate (Figure 17) . The last important thing about the impulse responses of interest rate is shocks to interest rate in the past are retentively memorized, which is explicitly revealed in Figure 18 , which shows that interest rate goes up for 17 months due to its own shock. 
Variance decomposition
In this section, we discuss variance decomposition of the five endogenous variables to examine how their variations depend on other variables' shocks and their own innovations. Table 6 shows that variations of inflation in the first month are only due to its own shock. This is actually because we assume that inflation is contemporaneously affected by its own shock only. Since the second month, the role of inflation in explaining its own variations is decreasing while the importance of money growth and real GDP growth is increasing. Specifically, in the second month, approximately 81.4 percent of variations of inflation are due to its own shocks while money growth and real GDP growth growth account for about 4.8 percent and 13.3 percent, respectively. The contributions of the five variables to the variations of inflation become gradually unchanged since the eighth month. Specifically, real GDP growth, budget deficit growth, money growth and interest rate account for 22.9 percent, 2.8 percent, 7.5 percent and 0.8 percent, respectively. These figures indicate that the importance of budget deficit and interest rate in explaining innovations of inflation is fairly trivial. This result is consistent with the impulse response analysis of inflation, in which shocks to budget deficit growth and interest rate are unlikely to impact inflation while inflation is mostly affected by shocks to real GDP growth and its own shocks. Table 6 around here>   Table 7 presents the variance decomposition of money growth. As can be seen from the table, the variations of money growth in the first month are mainly explained by its own innovations, which is approximately 63.5 percent. The contribution of its own shocks to its variations is decreasing over time, which is around 51.4 percent in the sixth month and approximately 51 percent since the eighth month. Real GDP growth and inflation also play an important role in explaining the variations of money growth. Specifically, real GDP growth and inflation explain roughly 32.5 percent and 7.8 percent of variations of money growth over time. This result implies that real GDP growth has played a more important role than inflation did in designing and implementing monetary policy. This also clarifies why Vietnam has experienced high inflation periods. The contribution of interest rate to innovations of money growth is also significant, which stands at roughly 6.5 percent. The role of budget deficit growth in explaining variations of money growth is fairly limited. Specifically, budget deficit growth only contributes 2.5 percent to variations of money growth, implying that the State Bank of Vietnam has achieved a certain level of independence. < Insert Table 7 around here> Next, we discuss the variance decomposition of budget deficit. Table 8 shows that the sole source of variations of budget deficit growth is its own shocks (approximately 93.4 percent over time) while other variables perform an insignificant role. As discussed earlier in the analysis of impulse response of budget deficit growth, Vietnam has been in the transition stage of development and needs to establish and develop its infrastructure. Hence, fiscal policy decisions are likely to be affected by that factor rather than money growth, inflation or interest rates. Table 8 around here> The variance decomposition of real GDP growth is presented in Table 9 , which shows that variations of real GDP growth are mainly attributed to its own shocks. Specifically, its own shocks account for approximately 86.3 percent of its variations over time, and the rest is explained by the other variables. Shocks to interest rate are the second significant factor that explains the variations of real GDP growth while inflation, money growth and budget deficit play a trivial role in determining fluctuations of real GDP growth. < Insert Table 9 around here> Fluctuations of interest rate are mostly attributed to its own shocks and inflation. In detail, 93.3 percent of variations of interest rate are due to its own shock in the first month, and the figure stands at roughly 56.3 percent over time. It is notable that the role of inflation in explaining the variations of interest rate is quite significant. Despite the small contribution of 2.8 percent in the first month, shocks to inflation account for approximately 34.1 percent of variations of interest rate over time. Real GDP growth is the third important factor that explains the fluctuations of interest rate while budget deficit growth and money growth play an extremely trivial role (see Table 10 , Appendix). Table 10 around here>
< Insert
Robustness of the results
In order ensure the robustness of the estimation of impulse response functions, various identification restrictions will be used. First, the assumption of price rigidity is maintained but we make a change to the assumption of the interaction between budget deficit growth and money growth. Specifically, budget deficit growth now is assumed to have contemporaneous impact on money growth 7 , meaning that there is no legislative lag. This restriction is represented in terms of structural innovations and reduced-form residuals below.
The estimation results generated by using this identification restriction are roughly similar 8 to the results obtained by using identification strategy earlier. There are two minor things that are slightly different from the earlier results. The first difference is that money growth is contemporaneously affected by a positive shock to budget deficit and is affected one time only. This is actually because of the restriction imposed. In addition, the magnitude of the effect is extremely small. The contemporaneous impact of money growth on interest rate is the second difference. However, the effect occurs one time only and is fairly small. Thus, these deviations are insignificant and the estimation results obtained earlier are robust.
< Insert Figure 19 around here>
Second, in addition to the change to the identification strategy above, budget deficit growth now is assumed to have contemporaneous impact on interest rate, meaning that whenever the government budget slips into deficit, the government is able to issue bonds promptly, and that the bond markets work perfectly. By imposing such assumptions, the model becomes a recursive VAR version with structural innovations and reduced-form residuals expressed as follow.
The estimation results produced from this identification restriction are almost the same 9 as those yielded by using the initial identification strategy. One minor difference is that interest rate is negatively affected by budget deficit growth. Nonetheless, the size of the effect is fairly limited. This therefore affirms the robustness of the initial results. < Insert Figure 20 around here>
Concluding remarks
In this study, the interaction among key macroeconomic variables such as inflation, real GDP, budget deficit, money supply and interest rate was investigated by employing a SVAR model. In order to assure the reliability of the estimation results, the robustness checks were conducted by varying the identification restrictions.
The estimation results reveal several key findings. First, similar to empirical results from Akinboade, Siebrits and Niedermeier (2004) , El-Shagi and Giensen (2013), Nina, Wojciech, and Georges and Geomina (2006) , money growth has positive impacts on inflation in Vietnam. Specifically, inflation will go up for 3 months in response to a positive shock to money growth. Furthermore, the strongest effect of a positive shock to money growth on inflation is in the second month since the occurrence of the shock. However, money growth has no effect on real GDP growth, budget deficit growth and interest rate. Second, despite the fact that Catao and Terrones (2005) , and Lin and Chu (2013) found a strong positive relation between fiscal deficits and inflation among highinflation and developing countries, empirical results of this study reveal that shocks to budget deficit growth have no effect on real GDP growth, interest rate, money growth and therefore inflation. This finding, however, shares a conclusion with Barnhart and Darrat (1988), and Ashra, Chattopadhyay, and Chaudhuri (2004) in which budget deficits have no significant effect on money growth in OECD countries and India, respectively. And more importantly, this finding supports Nguyen and Nguyen (2010) in which there is no significant effect of budget deficits on inflation in Vietnam. Third, positive shocks to inflation negatively affect money growth, accelerate interest rate but have no effect on budget deficit growth and real GDP growth. It takes three months for the State Bank of Vietnam to fully realize and react to a positive shock to inflation. Generally, the State Bank of Vietnam implements tightening monetary policy by lower money growth for three months to curb inflation. Fourth, real income has strong impacts on inflation, interest rate and money growth but produces no effect on budget deficit growth. Fifth, budget deficit growth is independent from shocks to interest rate. Additionally, interest rate is not an effective monetary instrument for the State Bank of Vietnam to combat inflation because shocks to interest rate have no effect on inflation. Finally, inflation and interest rate in Vietnam are persistent because they are highly expected and retentively memorized. This characteristic of inflation suggests that an effective inflation-fighting policy must be transparent, and that the State Bank of Vietnam must commit to pursue it so as to gain credibility from firms and households. Response of g_y to m1_pc
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